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Introduction:  It  is essential  to understand  rotational  alignment  of the  distal  femur  when  performing  total
knee  arthroplasty  (TKA).  Several  rotational  landmarks  including  condylar  twist  angle  (CTA)  are  used  for
preoperative planning  and  during  TKA.  Axial  radiography  of the distal  femur  is used  for measuring  the
CTA,  and  assessing  rotational  alignment  in  TKA.  The  aim  of this  study  was  to  investigate  the  reliability
and  the  reproducibility  of  the CTA  using  two  different  methods  and  evaluate  if CTA  differed  between
varus  and  valgus  knees  and  between  normal  and  osteoarthritic  knees.
Materials  and  methods:  CTA  were obtained  from 144  knees  (77  patients)  having  total  knee or hip  arthro-
plasty  using  computed  tomography  (CT)  and  axial  radiography.  Subjects  were  divided  into  ﬁve  groups
based  on femorotibial  angle  (FTA)  and into  four  groups  based  on  the  severity  of  knee  osteoarthritis.
The  intra-observer  and inter-observer  reliabilities  of  these  methods  and  inter-method  differences  were
evaluated.
Results:  The  mean  CTA  was 7.02◦ with  axial  radiography,  and  6.87◦ with  CT images.  There  were  no
signiﬁcant  differences  among  the ﬁve  FTA  groups  and  among  the  four  osteoarthritis  groups.  In  total,
intra-/inter-observer,  and  inter-method  intraclass  correlation  coefﬁcients  were  substantial  or  almost
◦perfect  in the  scoring  system  of Landis  et  al. However,  discrepancies  ≥ 2 between  the  two  methods  were
observed  in  more  than 20% of knees.
Conclusion:  The  CTA  should  be  reassessed  by  more  than  two  observers  or two  methods  for precise  preop-
erative  TKA  planning  in cases  where  it is difﬁcult  to  identify  the  bony  landmarks  for CTA  measurements.
Level  of evidence:  Level  III.. Introduction
Femoral component rotational alignment for total knee arthro-
lasty (TKA) is important in forming the proper ﬂexion gap and
alance and impacting patellofemoral kinematics. Several land-
arks have been proposed to determine proper femoral rotational
lignment including the anteroposterior axis, the clinical epicondy-
ar axis (CEA), the surgical epicondylar axis (SEA), and the posterior
ondylar line (PCL). The CEA is a line connecting the medial and
ateral epicondylar prominence. The angle between the CEA and
he PCL is deﬁned as the condylar twist angle (CTA) [1]. The CTA
as been widely used for preoperative TKA planning to evalu-
te distal femur rotational alignment. The CTA is reported to vary
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from 3.6◦ to 8.4◦, with computed tomography (CT) or cadaver
measurements [1–13]. Kanekasu et al. have developed a method
for taking an axial radiograph of the distal femur to assess the
CTA and concluded that plain radiography is acceptable for eval-
uation of femoral component rotation with comparable accuracy
to CT [9]. However, no sufﬁcient data are available regarding the
intra-observer, inter-observer, and inter-method reliability for CTA
measurements. The osteoarthritic radiographic features such as
osteophytes and bone defects might cause difﬁculty in identifying
bony landmarks necessary for the CTA measurements. Therefore,
we hypothesized that the intra-observer, inter-observer, and inter-
method reliability for preoperative CTA measurements depended
on progression of osteoarthritis. The aim of this study was to mea-
sure the CTA of patients with normal knees and osteoarthritic
knees using two different methods, i.e., CT and axial radiography
and to evaluate the intra-observer and inter-observer reliabilities
of these methods and to determine inter-method differences. We
also investigated if CTA differed among varus, valgus, and normal
knees.
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. Materials and methods
One hundred and forty-four knees in 77 patients (7 men  and 70
omen with a mean age of 69.9 years [range, 46–86 years]) having
otal knee or hip arthroplasty between December 2010 and Decem-
er 2011 were consecutively enrolled in this prospective study. Our
nstitutional review board approved this study, and all patients pro-
ided informed consent and underwent both axial radiographs of
he distal femur and CT scans. They were divided into ﬁve groups,
ased on tibiofemoral angle (FTA; lateral angle between the femoral
natomical axis and the tibial anatomical axis) [14] with antero-
osterior full weight bearing leg radiographs. The FTA groups were
s follows: Group 1, FTA ≤ 173; Group 2, 173 < FTA ≤ 175; Group
, 175 < FTA ≤ 180; Group 4, 180 < FTA ≤ 185; Group 5, 185 < FTA
Group 1, 2: valgus knees, Group 4, 5: varus knees) [15–18]. In
ddition, the same subjects were divided into four groups, based
n the severity of knee osteoarthritis (Kellgren-Lawrence [K-L]),
.e. Group I, K-L grade 0, I; Group II, K-L grade II; Group III, K-
 grade III; group IV, K-L grade IV. Clinical data are presented in
able 1. Axial radiographs of the distal femur were obtained with
he technique reported by Kanekasu et al. [9,19]. Patients sat on a
ooden table with their lower legs hanging in a dependent posi-
ion over the side of the table and a 1.5-kg weight at the ankle.
he x-ray beam was directed at a 10◦ upward angle (Fig. 1). CT
cans including the distal femur were obtained with a 2-mm thick-
ess using CT Aquilion Premium (JSX-301B/1A, Toshiba Medical
ystems Corporation, Tochigi, Japan) or Aquilion 16 (TSX-101A,
oshiba Medical Systems Corporation). The CTA was measured by
wo observers (H.K. and M.A.) in duplicate for each method and
ata were expressed as a mean with a 95% conﬁdence interval (95%
I) (Fig. 2). The two observers met  at the start of the study to clar-
fy the methods and objectives of the research and then worked
ndependently throughout the measurement phase. The CTA was
Fig. 1. Positioning of a patient for axial radiography of the distal femur.
ig. 2. Identiﬁcation of posterior condylar line (PCL) and clinical epicondylar axis
CEA) using computed tomography (A) and axial radiography of the distal femur (B)
s  shown. The condylar twist angle (CTA), is the angle between PCL and CEA.y: Surgery & Research 100 (2014) 885–890
re-measured more than three months after the initial measurement
to obtain intra-observer reliability.
All of the data were analysed using SPSS for windows. The differ-
ences of each subgroup were compared using a one-way analysis
of variance with the post hoc Tukey-Kramer test for multiple post
hoc group comparisons. The CTA was compared between axial
radiography and CT using the paired t-test. P values of < 0.05 were
considered statistically signiﬁcant. Inter-observer, intra-observer,
and inter-method CTA measurement reliabilities were determined
with intraclass correlation coefﬁcients (ICCs) for all groups. The
scoring system of Landis et al. was utilized in the analysis of our
results, i.e., almost perfect > 0.81, substantial 0.61–0.80, moderate
0.41–0.60, fair 0.21–0.40, slight 0.0–0.20 [20].
3. Results
Body height was  signiﬁcantly different among the FTA groups
and age and body mass index was signiﬁcantly different among
the K-L groups (Table 1). The mean CTA was 7.02◦ (range:
−2.5◦–13.1◦, 95%CI: 6.86◦–7.19◦) on axial radiography, and 6.87◦
(range: −2◦–12◦, 95%CI: 6.72◦–7.02◦) on CT images (P = 0.14). There
were no signiﬁcant differences among the ﬁve FTA groups, but
CTA values were lowest in group 5 for both methods. Similarly,
there were no signiﬁcant differences among the K-L groups, but
CTA values tended to be lower with the progression of osteoarthri-
tis. In total, more than 20 percent of knees had differences of ≥ 2◦
between CT and axial radiography for both observers (Table 2).
Intra-observer reproducibility was high for both methods over-
all (Table 3). Both methods of CTA measurement demonstrated
substantial precision with ICCs for inter-observer reproducibility.
There was a substantial correlation between the two methods as
well. Some of the inter-observer, intra-observer, and inter-method
ICCs were moderate or fair in FTA groups 1, 2 and 3.
4. Discussion
CT or MRI  is generally used to assess the rotational landmarks
or the CTA [7–9,11,13,17,21] and standard radiography does not
perform better than CT for identifying the medial sulcus of medial-
compartment osteoarthritis because of difﬁculty of bony landmarks
[22]. On the other hand, the modiﬁed techniques using the conven-
tional simple plain radiograph have been reported for assessment
of the rotational alignment of the distal femur [9,19,22–24]. Takai
et al. [24] ﬁrst described the kneeling view by a plain radiograph,
which was used as a substitute for CT in the measurement of rota-
tional landmarks and CTA. The plain radiograph is an easy, rapid and
non-invasive method. It requires less cost, less time, and less radia-
tion dose compared with CT. Kanekasu et al. [9] and Tokuhara et al.
[19] have emphasized that patients having knee disorders could
comfortably undergo axial radiography with a sitting position on a
wooden table. We found that axial radiography was useful to assess
the rotational alignment of the distal femur in most cases as well
as CT. Another advantage of axial radiography over CT or MRI is no
artifacts due to the metal prosthesis, which enabled us to evalu-
ate the rotational alignment of the femoral component after TKA
[25,26]. Rienmuller et al. analysed postoperative femoral compo-
nent rotation of 204 cemented mobile bearing TKA using CTA on
axial radiography [26]. Tokuhara et al. reported that axial radiogra-
phy is acceptable for the clinical evaluation of the ﬂexion gap, with
accuracy comparable to that of MRI  [19]. The modiﬁed axial radio-
graphy was  applied to the assessment for the ﬂexion gap both in
normal subjects and in subjects with implanted knees [27]. Preop-
erative and/or postoperative CT is not performed routinely in many
hospitals. The axial radiography can be done simply in any hospi-
tal and enables to measure the pre- and postoperative rotational
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Table  1
Clinical data from patient subgroups.
Group 1 Group 2 Group 3 Group 4 Group 5
Preoperative FTA,◦ FTA ≤ 173 173 < FTA ≤ 175 175 < FTA ≤ 180 180 < FTA ≤ 185 185 < FTA
Patient  No. 18 18 36 33 18
Sex  (Male/Female) 1/17 1/17 3/33 4/29 2/16
Knee  No. 20 22 44 36 22
Age,  y 69 (63–74) 69 (64–74) 69 (66–72) 70 (68–73) 74 (70–77)
Body  height, cm 153 (150–156) 151 (148–154) 156 (154–158)a 155 (153–157) 152 (150–155)
Body  weight, kg 56 (51–61) 52 (49–56) 59 (56–63) 60 (55–64) 61 (55 –67)
Body  mass index, kg/m2 24 (22–26) 23 (22–24) 24 (23–25) 25 (23–26) 26 (24–28)
Group I Group II Group III Group IV
Kellgren-Lawrence grade 0, I II III IV
Patient  No. 31 22 26 26
Sex  (Male/Female) 3/28 3/19 3/23 1/25
Knee  No. 50 29 29 36
Age,  y 66 (63–69) 69 (65–73) 72 (68–75)b 75 (73–77)b,c
Body height, cm 155 (153–158) 153 (150–156) 154 (152–156) 153 (151–155)
Body  weight, kg 56 (52–59) 60 (55–66) 61 (55–66) 58 (55–61)
Body  mass index, kg/m2 23 (22–24) 25 (24–27)b 25 (24–27)b 25 (24–26)
y-Kra
a
ﬂ
f
h
r
s
t
T
C
ta P < 0.05 vs. Group 2
b P < 0.05 vs. Group I
c P < 0.05 vs. Group II, by the one-way analysis of variance with the post hoc Tuke
lignment of the distal femur and assess the pre- and postoperative
exion gap and balancing in the knee.
The transepicondylar axis is reported to be a reliable landmark
or precisely rotating the femoral component [28–30]. The CTA
as been widely used for TKA planning to evaluate distal femur
otational alignment [31]. Yoshioka et al. [1] were the ﬁrst to mea-
ure CTA using 32 normal cadaveric femora and have indicated
hat rotation of the femoral component should be referenced to
able 2
omparison of condylar twist angle measurements by two  methods from two independen
omography. The values are given as mean (95% conﬁdence interval).
Group 1 Group 2 
CT
Observer 1–1 7.10 (6.33–7.87) 7.00 (6.20–7.80) 
Observer 1–2 7.25 (6.45–8.05) 7.23 (6.44–8.01) 
Observer 2–1 6.80 (6.08–7.52) 6.45 (5.76–7.15) 
Observer 2–2 6.68 (5.62–7.75) 6.36 (5.55–7.18) 
Average 6.96 (6.57–7.36) 6.76 (6.39–7.13) 
Axial  radiography
Observer 1–1 7.04 (6.23–7.84) 7.11 (6.39–7.83) 
Observer 1–2 7.26 (6.55–7.96) 7.86 (7.21–8.52) 
Observer 2–1 6.35 (5.32–7.38) 7.16 (6.50–7.83) 
Observer 2–2 6.40 (5.46–7.33) 6.89 (6.15–7.62) 
Average 6.76 (6.34–7.18) 7.26 (6.92–7.59) 
Percent of  2 degrees differences between two methods
Observer 1 38 9 
Observer 2 33 32 
Group  I Group II 
CT
Observer 1–1 7.35 (6.94–7.75) 6.89 (6.28–7.50) 
Observer 1–2 7.49 (7.09–7.89) 7.21 (6.52–7.91) 
Observer 2–1 6.78 (6.29–7.26) 6.75 (6.11–7.39) 
Observer 2–2 6.69 (6.21–7.18) 6.46 (5.72–7.21) 
Average 7.06 (6.84–7.28) 6.89 (6.56–7.21) 
Axial  radiography
Observer 1–1 7.34 (6.88–7.80) 7.08 (6.37–7.80) 
Observer 1–2 7.69 (7.25–8.12) 7.72 (7.00–8.44) 
Observer 2–1 6.96 (6.39–7.52) 6.90 (6.12–7.67) 
Observer 2–2 6.99 (6.48–7.50) 6.48 (5.79–7.18) 
Average 7.20 (6.96–7.45) 7.13 (6.76–7.49) 
Percent of  2 degrees differences between two methods
Observer 1 11 17 
Observer 2 26 29 mer test for multiple post hoc group comparisons.
the epicondyles to improve surgical outcomes. According to pre-
vious reports, the CTA ranges between 3.6◦ and 8.4◦ (Table 4). The
CTA variability might be caused by individual variability, severity
of osteoarthritis, differences in measurement methods, or observer
differences. Our ﬁndings indicate a mean CTA of 7.02◦ with axial
radiography, and 6.87◦ with CT images. The CTA values tends to be
lower with the progression of osteoarthritis, but without signiﬁ-
cant differences among the four K-L groups. In Nagamine et al. [11]
t observers and percent of ≥ 2◦ difference between axial radiography and computed
Group 3 Group 4 Group 5
7.42 (6.98–7.86) 7.28 (6.58–7.98) 6.27 (5.34–7.20)
7.66 (7.16–8.15) 7.31 (6.63–7.98) 6.18 (5.08–7.28)
6.95 (6.42–7.49) 6.72 (6.08–7.36) 6.36 (5.51–7.21)
6.68 (6.16–7.21) 6.31 (5.69–6.93) 6.09 (5.23–6.96)
7.18 (6.93–7.43) 6.90 (6.58–7.23) 6.23 (5.78–6.67)
7.16 (6.61–7.71) 7.19 (6.42–7.96) 6.68 (5.50–7.85)
7.52 (7.00–8.05) 7.78 (6.97–8.58) 6.97 (5.76–8.18)
6.80 (6.25–7.34) 6.87 (6.00–7.73) 6.24 (5.29–7.18)
6.83 (6.28–7.38) 6.98 (6.28–7.68) 6.60 (5.60–7.60)
7.08 (6.81–7.34) 7.20 (6.82–7.59) 6.62 (6.11–7.14)
16 18 36
27 15 30
Group III Group IV Total
7.28 (6.41–8.14) 6.77 (6.05–7.49) 7.10 (6.80–7.40)
7.48 (6.65–8.31) 6.57 (5.75–7.39) 7.22 (6.90–7.55)
6.66 (6.00–7.31) 6.54 (5.84–7.24) 6.71 (6.42–7.00)
6.21 (5.46–6.95) 6.23 (5.55–6.91) 6.45 (6.14–6.76)
6.91 (6.52–7.29) 6.56 (6.21–6.91) 6.87 (6.72–7.02)
7.19 (6.39–7.99) 6.52 (5.68–7.37) 7.07 (6.73–7.40)
7.73 (6.93–8.53) 6.83 (5.98–7.69) 7.51 (7.17–7.84)
6.65 (5.90–7.39) 6.22 (5.41–7.02) 6.72 (6.38–7.06)
6.75 (6.09–7.41) 6.70 (5.88–7.52) 6.78 (6.46–7.10)
7.08 (6.71–7.45) 6.64 (6.24–7.04) 7.02 (6.86–7.19)
22 33 21
21 26 26
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Table 3
Intraclass correlation coefﬁcient scores (95% conﬁdence interval) of condylar twist angle for intra-observer, inter-observer, and inter-method measurements between axial
radiography and computed tomography.
Group 1 Group 2 Group 3 Group 4 Group 5
Intra-observer
Observer 1 Xp vs Xp 0.86a (0.68–0.94) 0.75a (0.49–0.89) 0.78a (0.63–0.88) 0.91a (0.83–0.95) 0.92a (0.82–0.97)
Observer 2 Xp vs Xp 0.79a (0.54–0.91) 0.82a (0.61–0.92) 0.72a (0.539–0.84) 0.72a (0.52–0.85) 0.77a (0.52–0.90)
Observer 1 CT vs CT 0.87a (0.70–0.95) 0.88a (0.74–0.95) 0.80a (0.660–0.89) 0.91a (0.83–0.95) 0.84a (0.65–0.93)
Observer 2 CT vs CT 0.64a (0.29–0.84) 0.59a (0.24–0.81) 0.49a (0.233–0.69) 0.80a (0.64–0.89) 0.82a (0.62–0.92)
Inter-observer
Xp  vs Xp 0.24 (−0.22–0.62) 0.82a (0.62–0.92) 0.52a (0.27–0.71) 0.86a (0.74–0.92) 0.81a (0.59–0.91)
CT  vs CT 0.68a (0.34–0.86) 0.38a (−0.03–0.68) 0.60a (0.37–0.76) 0.74a (0.55–0.86) 0.87a (0.72–0.94)
Inter-method
Observer 1 Xp vs CT 0.36 (−0.08–0.68) 0.82a (0.61–0.92) 0.62a (0.41–0.78) 0.70a (0.49–0.84) 0.80a (0.58–0.91)
Observer 2 Xp vs CT 0.53a (0.12–0.78) 0.42a (0.02–0.71) 0.49a (0.23–0.68) 0.84a (0.72–0.92) 0.67a (0.36–0.85)
Group I Group II Group III Group IV Total
Intra-observer
Observer 1 Xp vs Xp 0.83a (0.72–0.90) 0.92a (0.84–0.96) 0.90a (0.79–0.95) 0.89a (0.79–0.94) 0.86a (0.81–0.90)
Observer 2 Xp vs Xp 0.80a (0.67–0.88) 0.77a (0.56–0.88) 0.73a (0.50–0.86) 0.71a (0.49–0.84) 0.75a (0.66–0.81)
Observer 1 CT vs CT 0.81a (0.69–0.89) 0.79a (0.60–0.90) 0.95a (0.89–0.98) 0.87a (0.75–0.93) 0.86a (0.82–0.90)
Observer 2 CT vs CT 0.72a (0.56–0.83) 0.47a (0.13–0.71) 0.58a (0.28–0.78) 0.80a (0.64–0.89) 0.66a (0.56–0.74)
Inter-observer
Xp  vs Xp 0.60a (0.45–0.71) 0.72a (0.56–0.82) 0.64a (0.46–0.77) 0.72a (0.59–0.82) 0.70a (0.60–0.77)
CT  vs CT 0.49a (0.33–0.63) 0.58a (0.38–0.73) 0.62a (0.43–0.75) 0.81a (0.71–0.88) 0.68a (0.58–0.76)
Inter-method
) 
) 
s
a
5
n
b
ﬁ
T
OObserver 1 Xp vs CT 0.60a (0.46–0.72) 0.60a (0.41–0.75
Observer 2 Xp vs CT 0.52a (0.36–0.65) 0.41a (0.17–0.60
a P values of < 0.05 were considered statistically signiﬁcant.
tudy, the CTA is 6.2◦ ± 1.9◦ in 27 knees with medial tibiofemoral
rthritis, 6.4◦ ± 2.4◦ in 17 knees with patellofemoral arthritis, and
.8◦ ± 2.7◦ in 40 normal knees, showing consistent values in both
ormal knees and osteoarthritic knees. No relationship is reported
etween the CTA and the progression of osteoarthritis [12].
Our study shows no signiﬁcant differences in CTA among the
ve FTA groups, but the CTA tends to be smallest in group 5 (varus
able 4
verview of condylar twist angle (CTA) in the literature.
Author Subjects 
CT
Nagamine [10] 1998 Normal 
FT-O 
PF-OA 
Akagi  [3] 1999 Candidates for
Boisrenoult [7] 2001 Osteoarthritic 
Yoshino [13] 2001 Candidates for
Asano  [5] 2005 Normal 
Kanekasu [9] 2005 Candidates for
Aglietti [2] 2008 Valgus knees 
Varus knees 
Hoshino [8] 2012 Uninjured knee
Xp
Arima  [4] 1995 Normal 
Kanekasu [9] 2005 Candidates for
Viel  [22] 2013 Candidates for
MRI
Matsuda [17] 1998 Normal 
Varus knees 
Cadaver
Yoshioka [1] 1987 Normal, male 
Normal, female
Mantas [10] 1992 Right knees 
Left knees 
Berger  [6] 1993 Normal, male 
Normal, female
Arima  [4] 1995 Normal 
Clinical  (during operation)
Poilvache [28] 1996 Candidates for0.64a (0.46–0.77) 0.69a (0.55–0.80) 0.69a (0.60–0.77)
0.50a (0.28–0.67) 0.69a (0.54–0.79) 0.63a (0.52–0.72)
knees) with both methods. A correlation between the coronal align-
ment and the rotational geometry of the distal femur has been
pointed out [22,32]. Luyckx et al. [32] ﬁnds a statistical linear
relationship between the coronal mechanical tibiofemoral angle
and the CTA; i.e. a 0.1 ◦CTA increment is observed with every 1◦
increment of coronal deformity from varus to valgus: the CTA
is statistically different among varus knees, neutral knees and
n CTA
40 5.8 ± 2.7
27 6.2 ± 1.9
17 6.4 ± 2.4
 TKA 26 6.8 ± 1.8 (4–12)
knees 75 5.4 ± 1.9 (0–9)
 TKA 96 6.4 ± 1.6
9 6.7 ± 1.5 (5–9)
 TKA 50 7.0 ± 1.5
16 8.4 ± 1.3
79 5.6 ± 1.7
s 17 5.4 ± 2.0 (2.4–8.5)
30 5.7 ± 1.7 (2.0–8.5)
 TKA 50 6.9 ± 1.4
 TKA 125 6.1 ± 1.6 (0–10)
30 6.0 ± 3.6 (−10–10)
30 6.0 ± 2.4 (1–11)
16 5.0 ± 1.8
 16 6.0 ± 2.4
19 4.9 ± 2.1
19 4.9 ± 2.3
75 4.7 ± 3.5
 75 5.2 ± 4.1
30 4.4 ± 2.9 (−4.5–15.5)
 TKA 100 3.6 ± 2.0
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Fig. 3. A 73-year-old woman, Kellgren-Lawrence grade IV. Osteophytes existing
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[
[
[
[
[n  medial, lateral, or posterior condyle make identiﬁcation of the bony measure-
ent landmarks obscured in both distal femur computed tomography (A) and axial
adiography (B).
algus knees. Other CT scan study of 100 patients with arthri-
is [2] show the CTA and the posterior condylar angle (PCA: the
ngle between SEA and PCL) are greater in valgus than in varus
nees (CTA: 8.4◦ ± 1.3◦ versus 5.6◦ ± 1.7◦, PCA: 4.1◦ ± 1.9◦ versus
.9◦ ± 1.4◦, respectively). Similarly, a clinical measurement during
urgery of 107 arthritic patients showed that PCA was signiﬁcantly
maller in patients with varus mal-alignment (3.3◦ ± 1.9◦) than in
atients with valgus mal-alignment (5.4◦ ± 2.3◦) [33]. On the other
and, Matsuda et al. [17] evaluated femoral condyle geometry in 30
ormal and 30 varus knees using MRI. The CTA is consistent in nor-
al  (6.0◦) and in varus knees (6.0◦). Distal posteromedial condyle
egenerative changes [34] in more severely deformed knees might
esult in a smaller CTA. Arima et al. [4] stated that the lateral femoral
ondyle of the valgus knee is abnormally small anteriorly, distally,
nd posteriorly. Although the small lateral femoral condyle might
ring an increased CTA, again, no signiﬁcant differences in CTA were
bserved among the ﬁve FTA groups in our study.
The shape of the distal femur among individuals has a primary
nﬂuence on CTA. CTA varied from −2.5◦ to 13.1◦ on axial radiogra-
hy, and from −2◦ to 12◦ on CT images, suggesting the importance
o recognize the inter-individual variability. It is essential to assess
he preoperative CTA for each subject because low reproducibil-
ty of manual palpation of the TEA is pointed out even during the
peration [25,31,35]. We  should be careful of the common idea that
he ﬁxed 3◦ external rotation from the posterior femoral condyle
s used as an intraoperative landmark during TKA. The SEA is com-
only used as another reference for femoral rotation. However, it
s difﬁcult to identify the medial sulcus to determine the SEA on
oth axial radiography and even CT images [13].
Viel et al. have assessed the feasibility and reliability of radio-
raphic CTA by a modiﬁed method described by Kanekasu et al. [9]
nd Takai et al. [24] and reported inter-observer and intra-observer
CCs were satisfactory among ﬁve observers [22]. Similarly, all
easured intra-/inter-observer, and inter-method ICCs were sub-
tantial or almost perfect overall in our study. However, moderate
nd weaker correlations were recognized in several subgroups. In
eneral, radiographic severity such as osteophytes and bone defects
ecome progressively greater in the medial or posterior condyle as
he grade of osteoarthritis becomes more severe. It is possible that
hese osteoarthritic radiographic features might cause difﬁculty in
dentifying bony measurement landmarks (Fig. 3); however, we
ound no correlations between all subgroups with the ICCs. The
act that the medial epicondylar prominence was obscured in some
ases, even in normal knees, might cause discordance among our
esults in the groups 1–3 and I–III.
The limitation of the study was that we did not take into account
he degree of knee ﬂexion during the CT examination. The slice of
he CT scan may  not be perpendicular to the long leg of the lower leg
ecause of ﬂexion contracture of the knee or hip osteoarthritis. The
nee position during the CT examination might result in different
easurements.
[
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In summary, the mean CTA is 7.02◦ with axial radiography, and
6.87◦ with CT images, and is not signiﬁcantly different among all
subgroups. Intra-/inter-observer, and inter-method ICCs are sub-
stantial or almost perfect in total. Discrepancies of ≥ 2◦ between
CT and axial radiography are observed in more than 20% of knees.
The axial radiography should be performed ﬁrst because of the
above described advantages over CT. However, the CTA should be
reassessed by more than two observers or two methods for precise
preoperative TKA planning in cases where it is difﬁcult to identify
the bony landmarks for CTA measurements.
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